Four analgesic drugs-fentanyl, phenoperidine, morphine and pethidine-were compared in a double-blind trial involving 113 patients paralysed and ventilated with nitrous oxide and oxygen. The differences between the drugs were relatively small. There were only slight differences in "duration of action", a term which is questioned in this context. Pethidine appeared to have a slightly longer duration of action than the other drugs. The problems inherent in studying analgesics in this manner are discussed.
They used a single dose of levorphanol 2 mg at induction. The patients were paired with controls, but the trial was not blind, and no increments were given, even in prolonged operations.
The present double-blind study was designed to compare four commonly used analgesics and to determine, if possible, the criteria for the administration of incremental doses, the incidence of side-effects, and any other advantages or disadvantages.
METHOD
Morphine, pethidine, fentanyl and phenoperidine were supplied in batches of five identical randomly numbered 2-ml ampoules, which contained what were considered to be equi-analgesic doses (table I). 100 mg/2 ml 10 mg/2 ml 2 mg/2 ml 0.1 mg/2 ml 0.05 ml/kg 0.0125 ml/kg Each packet of five ampoules was thought to contain sufficient for one patient. (In a few cases this proved not to be so.) When a patient was to be included in the trial, the top packet on the pile was selected, and the drug was administered on a weight basis as shown in table I.
All patients had comparable operations, major nonacute abdominal surgery, and were free from serious cardiovascular or pulmonary disease. Premedication consisted of diazepam 10 mg given orally approximately 90 min before induction.
Anaesthesia was induced with a sleep dose of thiopentone, and this was followed by suxamethonium 75 mg to facilitate passage of a cuffed endotracheal tube. Inhalation anaesthesia consisted of nitrous oxide and oxygen, 2 litre/min of each, delivered to a circle system with soda-lime. Ventilation was controlled using a Bennett BA-4 ventilator at a minute volume of approximately 80 ml/kg. The initial dose of analgesic was given slowly and was followed by alcuronium 0.15 mg/kg. All drugs were injected through a Gordh needle on the dorsum of the hand.
Continuous e.c.g. monitoring was performed, and the pulse and arterial systolic pressure were recorded at 5-min intervals. The patients were observed carefully for signs of lightness of anaesthesia-sweating, lachrymation, frowning or grimacing, small movements of the hand, tachycardia, or arterial hypertension. In response to one or more of these signs an increment of the analgesic drug equal to one-quarter of the initial dose was given. Increments of alcuronium were given in response to gross movement, difficulty of surgical access or resistance to the ventilator. The incremental dose was one-quarter of the initial dose.
At the conclusion of surgery, atropine 1.2 mg and neostigmine 2.5 mg were given i.v. and the nitrous oxide was discontinued. If spontaneous breathing did not resume promptly, the endotracheal tube was moved slightly and pharyngeal suction was performed. If these manoeuvres failed to initiate breathing, levallorphan 1 mg was administered.
All the patients were observed closely after the operation, and the time at which a postoperative analgesic was needed was recorded. The vein used for the Gordh needle was examined on the 1st day after operation, and, at this time, the patient was questioned closely about the anaesthetic with special reference to awareness or dreams.
All data were transferred to punch-cards for computer analysis.
RESULTS
One hundred and thirteen patients were studied. The sex and drug distribution are shown in table II. The age range was 19-78 yr, the weight range 40-118 kg and the duration of operation 45-235 min. Analysis of variance on these three factors showed them to be evenly distributed in the four drug groups.
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In a small number of patients, the supply of analgesic became exhausted before the conclusion of the surgery, because of either the long duration of operation, body weight, high analgesic requirements, or a combination of these factors. In these patients a low concentration of halothane or methoxyflurane was given to ensure adequate anaesthesia for the concluding part of the operation. There were nine such cases, distributed as follows: fentanyl three, morphine two, phenoperidine four. The data from these cases were still used,-these patients were included in the calculations of duration of action of analgesics up to the fourth increment, and duration of action of the muscle relaxant. They were excluded from the calculations of mean doses in [xg/kg/min, overall pulse and arterial pressure stability figures, and the duration of analgesia following surgery.
For this reason, and also because smaller numbers of patients received subsequent increments, the figures for numbers of patients in the groups decreased with time. Some patients received more than four increments of analgesic or relaxant or both, but, because they were few in number, calculations of inter-increment time after the fourth increment were not made.
Duration of analgesic action
The time from induction of anaesthesia until the first increment of analgesic, and the time from this increment to the next, and so on, is shown in table III and figure 1.
It will be seen that the.range is wide, and the standard deviations are large. Analysis of variance showed no significant differences, except at the fourth interval as a result of the longer times in the pethidine series. Examining this result in a different manner, by means of a paired comparison, using the null hypothesis method (table IV), showed that the mean times between increments in the fentanyl series were shorter than those in the pethidine series after the first interval, and also, on one occasion, shorter than that for phenoperidine. 
Total dose of analgesic
The dose of analgesic, expressed in [ig/kg/min is shown in table V. When expressed as a ratio, the figures are closely similar to the supposed equi-analgesic doses chosen initially. This is consistent with observations on frequency of administration of increments, and the lower ratio in the pethidine series (84.4 = morphine 10, compared with a chosen initial relative value of 100 = morphine 10) is in accord with the longer duration found for pethidine.
The amount of analgesic used may be compared with that in two other similar trials (table VI) . Morgan, Lumley and Gillies (1974) found an average requirement of fentanyl of 0.102 mg/h (approximately 0.24 (xg/kg/min), and Foldes, Shiflman and Kronfeld (1970) , in a double-blind trial, found the requirement of fentanyl to be 0.33 + 0.002 [xg/kg/min, and of pethidine to be 28.2 + 1.5 [xg/kg/min (in the patients who received a non-depolarizing muscle relaxant). These figures are at the lower limit of the dose range found in the present trial, but in both of the other studies droperidol was used in addition, and the concentrations of nitrous oxide were greater. The time from induction until the first increment of alcuronium and the time between increments thereafter were recorded. There was no significant difference between the four analgesic groups, at any interval.
When the total dose of relaxant was examined, there was a significant difference between the groups (table VII) . (Alder (1963) recorded a total dose of alcuronium 2-2.5 fxg/kg/min.) 
Cardiovascular indices
As might be expected in a relatively heterogeneous group of patients undergoing major abdominal surgery, there were wide variations in both pulse and arterial pressure.
The data were examined to determine the number of patients who had readings which varied more than 20% from the initial values (in the resting awake patient in the anaesthetic room).
The numbers of subjects whose arterial systolic pressure was at some time more than 20% above the initial value are shown in table VIII. Those whose It will be seen that there is no significant association of category with analgesic.
However, the foregoing tests only whether the arterial pressure was at some time outside the chosen limits. Since the duration of the change is important, the proportion of the total time that the arterial pressure exceeded these limits was examined. The data were distributed unusually, there being a large number of patients ranked zero (pressure remained within the limits), while a few patients remained above the 20% value for a substantial period. The method used was non-parametric analysis of variance, resulting in a Kruskal-Wallis //-statistic (Siegel, 1956 ) which can be interpreted for significance as follows: (1 These results indicate that there was no significant difference between the four drugs with respect to changes of the systolic pressure.
Similar analyses of pulse rates resulted in similar conclusions.
Requirements of levallorphan
Following restoration of neuromuscular conduction, some of the patients did not breathe adequately, or were excessively sleepy. These patients were given levallorphan 1 mg. these patients in the various drug groups; there was nn significant inter-group difference. no
Postoperative course
Most patients were awake and comfortable in the recovery room. The incidence of nausea and vomiting was not studied specifically, but was small. The time after operation until a narcotic analgesic was required, as judged by the nursing staff in the recovery room or the ward, was recorded (table XI). Because it is felt that pethidine may be associated with thrombosis in the vein used for injection, the drugs were all given via Gordh needle in the dorsum of the hand. This site was inspected after the operation, and any change was graded (table XII) . There was no inter-drug difference. Patients were questioned specifically about awareness during the operation. There were two patients who may have been aware, and one other patient had an unpleasant dream. The details are as follows:
Patient (1). A 62-year-old, 55-kg female underwent a partial gastrectomy. The arterial pressure was labile, and a sinus tachycardia of 100-110/min persisted throughout, together with slight sweating. Frequent doses of both fentanyl and alcuronium were given. When the packet of analgesic ampoules was exhausted, a low concentration of methoxynurane was added over the closing stages of the operation, which lasted 2\ h. The next day, the patient stated that she had been vaguely aware of voices, and a sense of pressure on the abdomen. She was reasonably sure that this occurred during the anaesthetic, but she was not upset by her experience.
Patient (2).
A 58-year-old female was undergoing cholecystectomy. The pulse and arterial pressure were stable. In retrospect, she thought that she felt the last stitch, but had no dreams and was not disstressed by the incident. The analgesic was morphine.
Patient (3). A 48-year-old female weighing 50 kg was undergoing hemicolectomy. The arterial pressure and pulse were labile, bradycardia and sweating being associated with traction on the mesentery, but the anaesthetic was uneventful otherwise. The patient had no awareness, but complained of having an unpleasant dream; she could not time this accurately.
DISCUSSION
The findings in this study re-echo the sentiments of Siker (1956) that the indications for the administration of analgesic supplements during nitrous oxide/ oxygen/relaxant anaesthesia are nebulous. It was hoped, by using only 50% nitrous oxide, and keeping the dose of the myoneural blocking drug as small as was compatible with providing satisfactory operating conditions, that the need for increments of the analgesic would be more obvious. Doses of the analgesic were given at frequent intervals, although it must be admitted that none of the criteria for administering increments was specific. In the presence of profound neuromuscular blockade, the term "depth of anaesthesia" has little meaning.
It might be argued that if there were no awareness or dreams, the depth of anaesthesia was satisfactory. However, there is no reliable index of awareness (Holmes, 1970) .
It must be agreed, therefore, that the paralysed patient receiving nitrous oxide is not a good subject for the assessment of analgesics, in regard to either duration of action or other effects. Analgesia and reflex depression are not synonymous (Gray, 1965) . Dundee and others (1969) snowed that a narcotic supplement reduced pallor and vasoconstriction and reduced the amount of the myoneural blocking drug required. Whether or not these are aims to strive for during anaesthesia is debatable. However, these authors showed also that there was less restlessness after surgery and a longer pain-free period after anaesthesia. There was no awareness in either their control or analgesic series, and no preference for either group (control or analgesic) with respect to cardiovascular stability during surgery.
McDowell and Dundee (1971) favoured a "standard" technique comprising thiopentone, levorphanol, tubocurarine and nitrous oxide in oxygen in preference to various neuroleptanaesthesia regimes. Although they found less sweating and involuntary movements with neuroleptanaesthesia, there was greater cardiovascular stability and a longer pain-free period after anaesthesia with the standard technique.
In the present study there was no control group, and there were few differences between the four analgesic groups. In view of the reported short duration of action of fentanyl, it might have been expected that this drug would have been required at shorter intervals than the others, but this proved not to be the case except in respect of pethidine after the first increment (table IV) . This finding is curious, since pethidine has often been considered to have a shorter duration of action than morphine, but it is consistent with the finding of a longer period of postoperative analgesia in the pethidine group.
In an earlier study of neuroleptanalgesia, Gibbs and Holmes (1967) found that the mean duration of action of fentanyl was 20 min and that of phenoperidine was 1 h. However, this trial was not blind, and we may have been influenced by the knowledge that these times were the reported durations of action of the two drugs. In the present double-blind trial this element of bias is removed.
It is noteworthy that the stated short duration of action of fentanyl, though often quoted by authors, has not been verified clearly in man. It appears to have been investigated only once, in a small trial in six volunteers (Downes, Kemp and Lambertsen, 1967) in which the drug was given i.m. These workers found a short duration of action, although only two subjects had returned to the pre-injection control values of minute volume at 240 min following the injection. Foldes, Shiftman and Kronfeld (1970) compared fentanyl, pethidine and alphaprodine in a doubleblind intraoperative study. Their patients were not selected with respect to the type of surgery (the operations were not exclusively intra-abdominal) but were grouped according to whether they breathed spontaneously or received a non-depolarizing myoneural blocking drug. In the latter group, the requirement of analgesic was comparable with the lower range of the requirement found in the present study. These workers found that the durations of the analgesic effect of the three drugs were similar. They felt, however, that the intensity of analgesia or the duration of the hypnotic effect of fentanyl, or both, were less than those of the other two narcotics. The duration of analgesia after surgery found by these workers did not differ significantly between the fentanyl and pethidine groups, being 7.6 ± 0.8 and 7.0 ± 0.7 h respectively.
ANESTHESIE GENERALE COMPLETEE PAR DES ANALGESIQUES NARCOTIQUES

RESUME
Quatre medicaments analgesiques: le fentanyl, la phenoperidine, la morphine et la pethidine ont ete compares au cours d'un essai a double inconnue mettant en cause 113 patients paralyses et ventiles a l'aide de protoxyde d'azote et d'oxygene. Les differences constatees entre ces medicaments ont ete relativement faibles. II n'y a eu que de legeres differences dans la duree de l'action, terme dont la signification est mise en doute dans ce contexte. La pethidine a semble avoir une duree d'action legerement plus longue que les autres medicaments. On traite dans cette communication des problemes inherents a toute etude des analgesiques, effectuee de cette maniere. 
SUMARIO
Cuatro analgesicos-fentanil, fenopiridina, morfina y petidina-fueron comparados en una prueba clinica a doble ciego abarcando a 113 pacientes inmovilizados y ventilados con monoxido de nitrogeno y oxigeno. Las diferencias entre los farmacos fueron relativamente pequenas. Hubo s61o ligeras diferencias en "la duration de la action", un termino que es puesto en duda en este contexto. La petidina parecid ejercer una action ligeramente mas prolongada que los otros compuestos. Se comentan los problemas inherentes al estudio de los analgesicos de esta manera.
